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(57) ABSTRACT

A display device includes board with a display region, and
a light source that emits an illumination light having a
polarization direction along a direction of a first absorption
axis or a direction of a second absorption axis perpendicular
to the first absorption axis. The display region includes a first
region including a region polarization-microfabricated in the
direction of the first absorption axis, a second absorption
axis, and a third region that transmuits the light. Only the first
region and the third region are displayed on the display
board by emitting the light having a polarization direction
along the direction of the second absorption axis. Only the
second region and the third region are displayed on the
display board by the emitting the light having a polarization
direction along the direction of the first absorption axis.
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DISPLAY DEVICE AND METHOD FOR
MANUFACTURING DISPLAY BOARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a U.S. National Phase of
PCT/IP201°7/013656 filed on Mar. 31, 2017 claiming prior-

ity to Japanese Patent Application No. 2016-085011 filed on
Apr. 21, 2016. The disclosure of the PCT Application 1s
hereby incorporated by reference into the present Applica-
tion.

TECHNICAL FIELD

The present 1invention relates to a display device and a
method for manufacturing a display board.

BACKGROUND ART

A display device switchably displaying different shapes,
ctc., on the same display surface 1s known (see, e.g.,
Japanese Examined Utility Model Application Publication
No. 61/25002). This display device 1s composed of two light
sources, two light source-polarizing panels respectively pro-
vided 1n front of the light sources and having polarization
directions perpendicular to each other, and two display-
polarizing panels which are overlapped and provided in
front of the light source-polarizing panels and have polar-
ization directions perpendicular to each other and each of
which has a light transmitting portion formed by cutting out
a shape or a letter/character to be displayed. The device 1s
configured as a display switching lamp which switches the
display by switching a turned-on light source between the

two light sources.

Since the display device disclosed 1n Japanese Examined
Utility Model Application Publication No. 61/25002 swit-
chably displays different shapes, etc., on the same display
surface, the display surface requires only a small space and
clear display i1s obtained with a simpler configuration than
the conventional display switching lamp used for the same

purpose.

CITATION LIST
Patent Literature

Japanese Examined Utility Model Application Publica-
tion No. 61/25002

SUMMARY OF INVENTION

Technical Problem

The display device of Japanese Examined Utility Model
Application Publication No. 61/25002 requires two light
source-polarizing panels respectively provided in front of
the light sources and having polarization directions perpen-
dicular to each other. In addition, since the light transmitting
portion 1s formed on the display-polarizing panel by cutting,
out a shape or a letter/character to be displayed, there 1s a
problem that transmittance 1s diflerent between the cut-out
portion and the non-cut out portion, which aflects the
contrast of the displayed shape or letter/character and causes
a decrease 1n display performance.
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2

It 1s an object of the invention to provide a display device
capable of switching display using one display board by
means ol polarization, and a method for manufacturing a
display board.

Solution to Problem

A display device in an embodiment of the invention
comprises: a display board with a display region that com-
prises a plurality of regions each having a different polar-
ization direction due to the difference in absorption axis
direction; and a light source that emits an 1llumination light
having a polarization direction along a direction of a first
absorption axis or along a direction of a second absorption
axis perpendicular to the first absorption axis, wherein the
display region comprises a first region comprising a region
polarization-microfabricated in the direction of the first
absorption axis, a second region comprising a region polar-
ization-microfabricated i the direction of the second
absorption axis, and a third region that transmits the 1llumi-
nation light, wherein only the first region and the third
region are displayed on the display board by emitting the
illumination light having a polarization direction along the
direction of the second absorption axis, and wherein only the
second region and the third region are displayed on the
display board by emitting the illumination light having a
polarization direction along the direction of the first absorp-
tion axis.

[2] The display device according to [1] may be such that
display produced by the first and third region and display
produced by the second and third regions overlap 1n the third
region on the display board.

|3] The display device according to [1] or [2] may be such
that a region other than the first to third regions comprises

a light shielding portion that does not transmit the 1llumi-
nation light.

[4] A method for manufacturing a display board 1n another
embodiment of the mvention comprises: a substrate-prepar-
ing step for preparing a substrate; and a polarization micro-
fabricating step for polarization-microfabricating a {irst
region ol the substrate to impart a polarizing function of
polarizing light 1n a direction of a first absorption axis and
microfabricating a second region of the substrate to provide
a polarization function 1n a direction of a second absorption
axis.

[ 5] The display device according to [1] may be such that
the display board comprises a glass substrate and a metal
layer formed on the glass substrate, and the metal layer 1s
polarization-microfabricated in a thickness direction thereof

[6] The display device according to [1] may be such that
the light source comprises a first light source with a polar-
ization direction parallel to the direction of the second
absorption axis, and a second light source with a polarization
direction parallel to the direction of the first absorption axis.

Advantageous Effects of Invention

According to an embodiment of the invention, 1t is
possible to provide a display device capable of switching
display using one display board by means of polarization.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s an explanatory diagram illustrating a configu-
ration ol a display device in an embodiment of the present
invention.
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FIG. 1B 1s an explanatory diagram 1llustrating a state in
which a musical note symbol 1s displayed on a display unit

when viewing the display device in an A direction.

FIG. 1C 1s an explanatory diagram illustrating a state in
which an arrow symbol 1s displayed on the display unit when
viewing the display device in the A direction.

FIG. 2 1s a perspective view showing a portion of the
display board polarization-microfabricated.

FIG. 3A 1s a plan view showing the display board.
FIG. 3B 1s a side view showing the display board.

DESCRIPTION OF EMBODIMENT

(Configuration of a Display Device 1 in an Embodiment
of the Invention)

FIG. 1A 1s an explanatory diagram illustrating a configu-
ration of a display device in an embodiment of the invention,
FIG. 1B 1s an explanatory diagram illustrating a state in
which a musical note symbol 1s displayed on a display umit
when viewing the display device 1n an A direction, and FIG.
1C 15 an explanatory diagram 1llustrating a state in which an
arrow symbol 1s displayed on the display unit when viewing
the display device in the A direction. FIG. 2 1s a perspective
view showing a portion of the display board polarization-
microfabricated. FIG. 3A 1s a plan view showing the display
board and FIG. 3B 1s a side view showing the display board.
The configuration of a display device 1 in an embodiment of
the invention will be described below based on these draw-
Ings.

As shown 1 FIGS. 1A to 1C, the display device 1 1n the
embodiment of the mvention has a display board 100 with
a display region consisting of plural regions each having a
different polarization direction due to the difference 1in
absorption axis direction, and a light source 20 which emits
illumination light (polarized light) having a polarization
direction along a direction of a first absorption axis B or
along a direction of a second absorption axis C perpendicu-
lar to the first absorption axis B, wherein the display region
1s composed of a first region 102a having a region polar-
1zation-microfabricated in the direction of the first absorp-
tion axis B, a second region 2024 having a region polariza-
tion-microfabricated 1n the direction of the second
absorption axis C, and an overlap region 300 as a third
region which transmits the illumination light, only the first
region 102a and the overlap region 300 as the third region
are displayed on the display board 100 by emitting the
illumination light (polarized light) having a polarization
direction along the direction of the second absorption axis C,
and only the second region 202a and the overlap region 300
as the third region are displayed on the display board 100 by
emitting the i1llumination light (polarized light) having a
polarization direction along the direction of the first absorp-
tion axis B.

A light shielding portion 110 which does not transmit the
illumination light or has a small transmittance 1s provided 1n
the region other than the first to third regions, 1.e., the region
other than the first region 102qa, second region 202q and the
overlap region 300 as the third region. The light shielding
portion 110 has a light shielding film for shielding 1llumi-
nation light both 1n the first absorption axis direction and of
the second absorption axis direction and produces display
contrast during an operation of displaying a mark section.

(Light Source 20)

Light emitted from the light source 20 (a first light source
21 and a second light source 22) can be, e.g., laser light or
LED light, etc. When light emitted from the light source 20
(the first light source 21 and the second light source 22) 1s,
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¢.g., laser light, a polarization direction 1s adjusted so that
light has a polanized component 1n a specific direction. In
case ol LED light, etc., a polarizing element 1s arranged at
a light output portion so that light has a polarized component
in a specific direction. As shown 1n FIG. 1A, the light source
20 consists of the first light source 21 with a polarization
direction along a direction of the second absorption axis of
the display board 100 (the arrow C direction) and the second
light source 22 with a polarization direction along a direc-
tion of the first absorption axis of the display board 100 (the
arrow B direction). First illumination light 21a 1s emaitted
from the first light source 21 toward the display board 100,
and second 1llumination light 224 1s emitted from the second
light source 22 toward the display board 100.

When the light source 20 1s a source of elliptically
polarized light or circularly polanized light, the 1llumination
configuration may be such that, e.g., a polarizing eclement
relatively rotatable about a light axis 1s arranged at the light
output portion of the light source 20, and the light source 20
and the polarizing element are rotated so that the first
illumination light 21 with a polarization direction along the
direction of the second absorption axis of the display board
100 (the arrow C direction) and the second 1llumination light
22a with a polarization direction along the direction of the
first absorption axis of the display board 100 (the arrow B
direction) are produced and illumination light 1s emitted
toward the display board 100.

(Display Board 100)

As shown 1n FIG. 2, the display board 100 1s formed of
a substrate 400 composed of a glass substrate 400a and a
metal layer 4006 (e.g., Cr, Al) formed thereon, and 1s
configured that a display region has plural regions formed by
polarization-microfabricating the metal layer 4006 in the
thickness direction thereof. The plural regions have diflerent
absorption axes and thus have diflerent polarization direc-
tions.

The metal layer 4005 1s partially removed by the polar-
ization microfabricating so that peak portions 4024 and
valley portions 4025 are alternately arranged and blade
portions 402 are thereby formed at predetermined intervals.
The extending direction of the blade portion 402 1s an
absorption axis 410. That 1s, light containing a polarized
component parallel to the absorption axis 410 1s absorbed,
and light containing polarized component perpendicular to
the absorption axis 410 1s transmitted. Thus, the regions
polarization-microfabricated have a polarizing function.

(Mark Section)

A note-mark section 102 on the display board 100 shown
in FIG. 1A 1s composed of the first region 102a and the
overlap region 300 as the third region shown in FIG. 3A.
Meanwhile, an arrow-mark section 202 1s composed of the
second region 202a and the overlap region 300 as the third
region shown in FIG. 3A.

The first region 102a of the -mark section 102 1s formed
so that the absorption axis 410 of the blade portion 402
shown 1n FIG. 2 1s along a direction of the first absorption
axis (the arrow B direction), as shown in FIG. 3A. There-
fore, the first region 102a transmits polanized light output
from the first light source 21 and containing a polarized
component parallel to a direction of the second absorption
axis (the arrow C direction), but does not transmit polarized
light output from the second light source 22 and containing
a polarized component parallel to the direction of the first
absorption axis (the arrow B direction).

The second region 202a of the arrow-mark section 202 1s
formed so that the absorption axis 410 of the blade portion
402 shown in FIG. 2 1s along the direction of the second
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absorption axis (the arrow C direction), as shown in FIG.
3A. Therefore, the second region 202a transmits polarized
light output from the second light source 22 and containing
a polarized component parallel to the direction of the first
absorption axis (the arrow B direction), but does not transmit
polarized light output from the first light source 21 and
containing a polarized component parallel to the direction of
the second absorption axis (the arrow C direction).

The overlap region 300 as the third region 1s a portion
shared by the note-mark section 102 and the arrow-mark
section 202. The overlap region 300 transmits i1llumination
light regardless of the polarization state of the 1llumination
light. The overlap region 300 1s configured so that transmit-
tance of the illumination light therethrough 1s substantially
the same as transmittance of the illumination light through
the first region 102a or the second region 202a. The overlap
region 300 having such predetermined transmittance can be
formed by removing the metal layer 4005 to a predetermined
depth shown 1n FIG. 2 without forming the blade portions
when polarization-microfabricating the overlap region 300.

The light shielding portion 110 1s a non-processed portion
in which the metal layer 4006 1s not processed. The light
shielding portion 110 1s formed, e.g., on a surface of the
display board 100 in the region other than the first region
102a, the second region 202a and the overlap region 300 as
the third region. The light shielding portion 110 shields
illumination light both 1n the first absorption axis direction
and of the second absorption axis direction. Thus, the mark
section can be displayed with good contrast during the
operation of displaying the mark section.

(Display Operation of the Display Device 1)

(Where the Note-Mark Section 102 1s Displayed on the
Display Board 100)

In the display device 1 shown 1n FIG. 1A, the first light
source 21 1s turned on and the second light source 22 1s
turned off. The display board 100 1s illuminated only by the
first light source 21 with a polarization direction parallel to
the direction of the second absorption axis of the display
board 100 (the arrow C direction). The first region 102a of
the note-mark section 102 transmits polarized light output
from the first light source 21 and having a polarization
direction parallel to the direction of the second absorption
axis (the arrow C direction) but does not transmit polarized
light output from the second light source 22 and having a
polarization direction parallel to the direction of the first
absorption axis (the arrow B direction) since the blade
portions 402 are formed to extend parallel to the direction of
the first absorption axis (the arrow B direction). Therelore,
the first 1llumination light 214 1s transmitted through the ﬁrst
region 102a. The first 1llumination light 21qa 1s also trans-
mitted through the overlap region 300 as the third region. On
the other hand, the first 1llumination light 21a 1s not trans-
mitted through the light shielding portion 110 and the second
region 202a. Thus, only the note-mark section 102 1s dis-
played on the display board 100 and the other portion 1s not
displayed, as shown i FIG. 1B.

(Where the Arrow-mark Section 202 1s Displayed on the
Display Board 100)

In the display device 1 shown in FIG. 1A, the second light
source 22 1s turned on and the first light source 21 1s turned
ofl. The display board 100 1s illuminated only by the second
light source 22 with a polarization direction parallel to the
direction of the first absorption axis of the display board 100
(the arrow B direction). The second region 202a of the
arrow-mark section 202 transmits polarized light output
from the second light source 22 and having a polarization
direction parallel to the direction of the first absorption axis
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(the arrow B direction) but does not transmit polarized light
output from the first light source 21 and having a polariza-
tion direction parallel to the direction of the second absorp-
tion axis (the arrow C direction) since the blade portions 402
are formed to extend parallel to the direction of the second
absorption axis (the arrow C direction). Therefore, the
second 1llumination light 22a 1s transmitted through the
second region 202a. The second illumination light 22a 1s
also transmitted through the overlap region 300 as the third
region. On the other hand, the second 1llumination light 22a
1s not transmitted through the light shielding portion 110 and
the first region 102q. Thus, only the arrow-mark section 202
1s displayed on the display board 100 and the other portion
1s not displayed, as shown in FIG. 1C.

(Method for Manufacturing the Display Board 100)

The display board 100 1s formed by a substrate-preparing,
step for preparing the substrate 400 and a polarization
microfabricating step for polarization-microfabricating the
first region 102a of the substrate 400 to provide a polariza-
tion function 1n the direction of the first absorption axis (the
arrow B direction) and also microfabricating the second
region 202a of the substrate 400 to provide a polarization
function 1n the direction of the second absorption axis (the
arrow C direction). The polarization microfabricating steps
are simultaneously conducted as described below, but the
polarization microfabricating step for the first region 1024
and the polarization microfabricating step for the second
region 202a may be conducted 1n separate steps.

The overlap region 300 as the third region may be formed
by a third processing step 1n which the polarization micro-
fabricating 1s performed so that the metal layer 4006 1s
removed to a predetermined depth without forming the blade
portions. Alternatively, the substrate can be directly used
without the processing.

The polarization microfabricating 1s performed by an
clectron-beam lithography system or photolithography etc.
Where the polarization microfabricating 1s performed by the
clectron-beam lithography system or photolithography etc.,
the glass substrate 400a and the metal layer 4006 can be
microfabricated in the order of nanometers (e.g., about 50
nm). In the present embodiment, the electron-beam lithog-
raphy system 1s used.

The electron-beam lithography system (electron beam
(EB) exposure system) 1s based on electron beam processing,
system and scanning electron microscope. An electron beam
emitted from an electron gun 1s focused on a mask blank
through an electron lens, aperture or detlector, etc., while
finely controlling a XYZ stage, thereby exposing the sub-
strate 400 to light in a desired pattern. In the present
embodiment, the metal layer 40056 (e.g., Cr, Al) 1s formed on
the glass substrate 400a and a resist layer i1s then formed
thereon. The resist layer 1s processed mto a predetermined
pattern by the electron-beam lithography system, and the
metal layer 4005 1s then removed using the remaining resist
layer as a mask. As a result, the blade portions are formed
and the polarizing function 1s imparted. In the present
embodiment, this pattern 1s configured as a pattern for
forming the blade portions of the first region 102a and the
second region 202a so that polarizing function 1s imparted.
In these steps, the first region 1024, the second region 202a,
the overlap region 300 and the light shielding portion 110 are
formed simultaneously.

(Eflects of the Embodiment of the Invention)

The display device and the manufacturing method 1n the
present embodiment exert the following eflects.

(1) The display device 1n the present embodiment has a
display board 100 with a display region consisting of plural
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regions each having a different polarization direction due to
the difference 1n absorption axis direction, and a light source
20 which emaits 1llumination light (polarized light) having a
polarization direction along a direction of a first absorption
axis B or along a direction of a second absorption axis C
perpendicular to the first absorption axis B, wherein the
display region 1s composed of a first region 102a having a
region polarization-microtfabricated in the direction of the
first absorption axis B, a second region 2024 having a region
polarization-microfabricated 1n the direction of the second
absorption axis C, and an overlap region 300 as the third
region which transmits the illumination light, only the first
region 102a and the overlap region 300 as the third region
are displayed on the display board 100 by emitting the
illumination light (polarized light) having a polarization
direction along the direction of the second absorption axis C,
and only the second region 202a and the overlap region 300
as the third region are displayed on the display board 100 by
emitting the i1llumination light (polarized light) having a
polarization direction along the direction of first absorption
axis B. In this configuration, 1t 1s possible to switch display
by emitting 1llumination light in a different polarization state
from the first light source 21 or the second light source 22
onto one display board 100. Display can be switched in the
same color, e.g., switched from white to whate.

(2) As such, display can be switched from white to white
by using one display board 100. When applied to, e¢.g., a
steering wheel switch of vehicle, 1t 1s possible to double the
switching function.

(3) Examples of advantages of switching display 1n the
same color such as white-to-white display are: for example,
the structure 1s simpler and the cost 1s lower than a display;
usually two 10dine-based or dye-based polarizing panels are
required but the present embodiment can be implemented by
using only one such polarizing panel; the 1odine-based or
dye-based polarizing panel 1s usually weak but the polariz-
ing panel 1n the present embodiment has excellent strength;
and the display board 100 in the present embodiment is
formed of an imnorganic material and 1s thus strong and stable
against environmental changes.

(4) In the conventional technique, since the light trans-
mitting portion 1s formed on the display-polarizing panel by
cutting out a shape or a letter/character to be displayed,
transmittance 1s diflerent between the cut-out portion and the
non-cut out portion, which aflects the contrast of the dis-
played shape or letter/character and causes a decrease in
display performance. In contrast, in the display device of the
present embodiment, the first region 1024, the second region
202a and the overlap region 300 as the third region of the
display board 100 can have substantially the same transmiut-
tance. Therefore, 1t 1s possible to realize a display device
which can display the mark section with high quality and has
excellent display performance.

Although some embodiments of the mnvention have been
described above, the embodiments are merely an example
and the mvention according to claims 1s not to be limited
thereto. These new embodiments may be implemented in
various other forms, and various omissions, substitutions
and changes, etc., can be made without departing from the
gist of the invention. In addition, all combinations of the
teatures described in the embodiments are not necessary to
solve the problem of the mvention. Further, these embodi-
ments are included within the scope and gist of the invention
and also within the invention described 1n the claims and the

equivalency thereof.
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The mvention claimed 1s:

1. A display device, comprising;:

a display board comprising a display region that com-
prises a plurality of regions each having a difierent
polarization direction due to a difference 1n absorption
ax1s direction; and

a light source that emits an 1llumination light having a
polarization direction along a direction of a first absorp-
tion axis or along a direction of a second absorption
ax1is perpendicular to the first absorption axis,

wherein the display region comprises a {irst region com-
prising a region polarization-microfabricated in the
direction of the first absorption axis, a second region
comprising a region polarnzation-microfabricated in the
direction of the second absorption axis, and a third
region that transmits the i1llumination light,

wherein only the first region and the third region are
displayed on the display board by emitting the 1llumi-
nation light having a polarization direction along the
direction of the second absorption axis,

wherein only the second region and the third region are
displayed on the display board by emitting the 1llumi-
nation light having a polarization direction along the
direction of the first absorption axis, and

wherein the display board comprises a single substrate on
a surface of which the first to third regions are directly
formed.

2. The display device according to claim 1, wherein
display produced by the first and third region and display
produced by the second and third regions overlap 1n the third
region on the display board.

3. The display device according to claim 1, wherein a
region other than the first to third regions comprises a light
shielding portion that does not transmit the illumination
light.

4. The display device according to claim 1, wherein the
light source comprises a first light source with a polarization
direction parallel to the direction of the second absorption
axis, and a second light source with a polarization direction
parallel to the direction of the first absorption axis.

5. The display device according to claim 2, wherein a
region other than the first to third regions comprises a light
shielding portion that does not transmit the i1llumination
light.

6. A method for manufacturing a display board, compris-
ng:

preparing a single substrate; and

polarization-microfabricating a first region of the sub-
strate to provide a polarizing function 1n a direction of
a first absorption axis and for polarization-microfabri-
cating a second region of the substrate to provide the
polarization function in a direction of a second absorp-
tion axis perpendicular to the first absorption axis,

wherein the first and second regions are directly formed
on a surface of the single substrate.

(Ll




US 10,502,394 B2

9

7. The display device according to claim 1, wherein the
display board comprises a glass substrate and a metal layer
formed on the glass substrate, and the metal layer 1s polar-
1zation-microfabricated 1n a thickness direction thereof.

8. The method according to claim 6, wherein the polar-
1zation microfabricating comprises fabricating a third region
where no blade for an absorption axis 1s formed.

9. The method according to claim 8, wherein the third
region 1s fabricated as an overlap of the first and second
regions.

10

10
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